Abstract
. The distribution of energy utilization in a typical commercial building [11] .
While searching data bases for other available literature reviews concerning energy efficiency in residential buildings, we found reviews mainly focusing on one specific field in the domain of energy optimization of residential and commercial buildings [7, 8] . Kaynakli [9] reviewed all available literature on determining the optimum thickness of the thermal insulation material of a residential building and its influence on energy demand. More recently, Stevanovic [10] reviewed existing studies on several passive solar design strategies in the case of residential and commercial buildings. The distribution of energy utilization in a typical commercial building as shown in Figure 1 [11] .
LITERATURE REVIEW

Role of Air layers in building envelopes
Air layer involved envelopes (ALIEs) have gained considerable popularity in modern building design and construction, owing to their great potential in improving the building thermal performance. Basically, the air layer functions as an extra insulation layer or as a ventilation channel. Air layers utilized in external walls.
a. Classic Trombe wall and composite Trombe wall
Figure. The starting point of the Trombe wall is to absorb solar ray and convert its energy for heating, ventilating so as to provide thermal comfort in buildings [12] . Edward Morse, an American engineer, designed and patented the Trombe wall in 1881. But the concept was popularized by Felix Trombe and Jacque Michel in France, therefore, it is well known as the Trombe wall [13] . The Trombe wall mainly consists of a massive wall, an exterior glazing cover, and an air channel between the massive wall and the cover (FIG 2) . The massive wall is used for absorbing and storing the solar energy that passes through the glazing cover. The massive wall must be constructed with high heat-storage capacity materials, including bricks, concrete, stone and adobe, and the external surface of the massive wall is usually colored black in order to increase the solar absorption [14, 15] . The thickness of the air channel ranges from 3 cm to 6 cm [16] . Part of the absorbed energy is transferred to the indoor space through heat convection, conduction and radiation between the massive wall and room air; the rest part is also transported to the indoor space by air circulation, in which low temperature air from the room enters the internal channel through the lower vent, gets heated by the massive wall and flows upward due to buoyancy effect, and then returns to the indoor space through the upper vent of the wall with a higher temperature [12] . The heat stored in the massive wall releases gradually through radiation and convection to increase thermal comfort.
b. Ventilated or double-skin glazing facades
The concept of double-skin façades (DSF) was firstly proposed in early 1900s, but it had been progressed little until the 1990s [17] . The DSF is now becoming a popular architectural element on the premise that more and more transparent façades are employed in modern office buildings, and building energy efficiency becomes a critical point of global energy utilization. Double-skin façade is defined as a special type of exterior building envelope, which is composed of an external façade layer, an interior façade layer and an air layer in between. The external layer, usually a hardened single layer of float glass or safety glass, provides protection against the outdoor condition and extra acoustic insulation against external noise; while the interior layer often consists of double-pane glasses. The width of the air space between the two skins, named the air channel, ranges from 200 mm to more than 2 m. usually, an adjustable sun shading system is installed in the air channel for controlling solar radiation [18] . The DSF can work either in an air-fixed mode or an air ventilated mode. The air-fixed mode provides extra thermal insulation for external envelopes to reduce heat transfer in winter. The air-ventilated mode deals with overheating problems in summer and helps to achieve energy savings in winter. The driving force of the air ventilation in the channel of DSF could be natural, mechanical or a mixed of them. Both the wind pressure and the thermal buoyancy effect produced by the temperature difference between the exterior and interior façades can give rise to natural air ventilation in the channel [19] . The mechanical ventilation employs some power machines to generate air flows in the cavity, while the mixed ventilation results from a combination of natural force and mechanical force. According to the different air flow paths, the ventilation working modes of a DSF can be classified into four types, as shown in Figure. 3.
c. Wall-based solar chimney
The solar chimney technology, which offers an excellent natural ventilation opportunity for buildings, is now receiving increasing concern as a large amount of energy has been spent on building ventilation and air-conditioning and substantial greenhouse gas has been released due to the ventilation purpose. Recently, a number of theoretical, numerical and experimental studies have been conducted to demonstrate the ventilation performance of the solar chimney and have contributed significantly to the practical application of this technology [20] . Solar chimney utilizes solar radiation to induce a thermal buoyancy effect, thus enhancing the natural ventilation for a building. When the solar energy is absorbed, the air temperature rises and the air density drops in the air channel of the solar chimney, which makes the air to move upward and finally the heated air is discharged from the top of the chimney [21] . There are two different configurations of the solar chimneys, the vertical solar chimney and the inclined solar chimney [23] . The former employs wall solar collectors, while the latter adopts roof solar collectors. A solar chimney typically consists of an air channel, an absorbing wall and a glass cover with high solar transmissivity to maximize the solar gain so as to enhance the chimney effect. Moreover, the glass cover may be constructed integrated with photovoltaic cells or be substituted by other opaque covers in some cases. The vertical solar chimney is usually attached to the external wall of a building, in which a vertical air channel is structured with a rectangular cross section [22] . The outer side of the channel is made of a glass cover, while the inner side is made by opaque and absorbing wall materials to absorb solar radiation ( Figure. Air enters the chimney channel from the bottom of a room requiring to be ventilated. The opaque absorbing wall captures most of the solar radiation and increases its surface temperature. Subsequently, the internal air of the channel is heated by the absorbing wall surface through natural heat convection. As a result of the air density decrease caused by the temperature increase, a natural ascending flow is generated. The heated air finally reaches the top outlet of the chimney is then discharged to the atmosphere. The absorbing wall is insulated at the backside to reduce the heat transfer from the heated surface toward the internal room space.
d. Glazed and unglazed transpired solar walls
Transpired solar collectors can be integrated to building external envelopes to obtain heating and ventilation profits in cold areas. The technology has been widely used in USA and Canada, where transpired solar collectors are served as highefficiency fresh air preheating systems [25] . According to their working properties, they can be classified as unglazed transpired collectors (UTC) and glazed transpired collectors (UTC) [24] . UTC was introduced in the early 1990s for the purpose of using solar energy for ventilation and warm air heating [26] . The UTC is a wall based heating system which employs a perforated metal sheet as a solar absorber to warm the fresh air. This UTC is also named as the Unglazed Solar wall. The schematic diagram of the UTC is illustrated in Fig.5 . The absorber surface is generally constructed from perforated metal plate (steel or aluminum) and covered with a proper coating. The absorber plate is usually integrated to the external wall of a building. With the help of a ventilation fan, the outdoor air is drawn through the perforations of transpired metal plate into the internal cavity, and simultaneously the air is heated up. The warmed air is finally supplied into the indoor space. In hot weather conditions, the warmed air is directly released to the ambient through the discharge valve located at the top of the cavity to avoid over heating of the indoor air, or it can be used for other purpose such as hot water production to make full use of the UTC system. Which means that the UTC system did not work at all actually as require indoor temperature is higher than required temperature. That is, the solar fraction of the system is zero.
Figure. 5. Schematic diagram for unglazed transpired collector.
To solve the above mentioned conflict, the GTC is introduced [28] . Compared with the UTC, a glazing cover is added, and relevant air vents are placed on the cover. The configuration of GTC is illustrated in Fig.6 . The transpired absorber plate is constructed from metal plate with uniform-distributed holes, which is perforated and covered with selective coating, and is mounted out 100-200 mm from the back wall surface, and the distance between the absorber plate and the glazing cover is 100-200 mm. Fan draws the outdoor fresh air into the outer cavity between the glazing and the absorber plate, and then through the transpired absorber plate into the inner cavity between the transpired absorber plate and the back plate, and at last into the indoor space that need to be heated through air ducts. With the promotion of the solar energy absorbed by the metal plate, air is heated when it is drawn through the small holes on the absorber plate. At night time, the air inlet and the fan are closed to form an enclosed cavity in the solar wall structure. The heat loss of the external wall is absorbed by the internal air of the enclosed cavity, which offers an air insulation layer for the external envelopes. Additionally, the adverse effect of crosswinds could be eliminated as the absorber surface is isolated from the ambient by the glazing cover. e. Ventilated PV facades Photovoltaic (PV) cells/modules are nowadays widely used in buildings for the electricity generating capacity from solar radiation [29] . A building integrated photovoltaic/thermal (BIPVT) system which combines building envelopes and photovoltaic (PV) modules, can not only generate electricity in situ, but also reduce the heating load in winter and cooling load in summer for a building's air-conditioning system There are mainly two application methods to construct a DSF based BIPVT system, one is suitable for new buildings, which uses PV modules to replace the external façade of a DSF system in the external envelope directly to constitute a BIPVT system; while the other is suitable for energy-saving reconstruction work for existing buildings, in which the PV modules are added on existing external walls or glass curtain walls to form a BIPVT system. Thus, in all air layer involved external wall systems mentioned in the previous sections, including the Trombe walls, the DSF façades, the wall based solar chimneys, and the solar wall systems, opaque or semi-transparent PV modules can substitute the external façade layer to obtain electricity generation capacity. The electrical efficiency of PV cells was tested to be in the range from 6% to 18%, which is affected greatly by the operating temperatures. When the operating temperature rises, the efficiency falls. Every 1 K increase in operating temperature results in a 0.25% efficiency decline for the amorphous silicon PV cells [29] and around 0.4-0.5% for the crystalline silicon PV cells [30] . Thus it is essential to remove the accumulated heat from the PV cell for the purpose of increasing the electrical efficiency. There is other such arrangement in exterior walls such as indirect vertical greenery walls/double-skin green façades and Double layer walls/hollow masonry walls. The arrangements can be incorporated in windows and roof top. 
Review on Phase Change Material
Therefore, the impact of cooling systems cannot be ignored, as they, along with ventilation and heating systems, account for 60% of the energy consumed in buildings. Passive cooling techniques are a promising alternative to conventional cooling systems. Of the various passive cooling strategies, thermal energy storage by means of latent heat is an efficient way to increase the thermal inertia of building envelopes, which would reduce temperature fluctuations, leading to the improved thermal comfort of occupants. Phase change materials (PCMs) with high density for thermal energy storage can be efficiently employed to this purpose.
Thermal energy storage (TES) systems store energy in thermal form for utilization at a later time. Broadly, TES systems involve three main steps: thermal charging, thermal storing and thermal discharging [31] . Materials can reserve heat in three primary ways, including sensible heat, latent heat and chemical reactions.
a. Phase change material classifications
Changing of material phase can be classified into four states: solid-solid, solid-liquid, gas-solid and gas-liquid. For practical purposes, only the solid-liquid variety can be used for building cooling or heating because the other varieties have technical limitations [34, 35] . There is a wide variety of PCMs on the market with different melting point ranges .The most common classifications of PCMs are organic, inorganic and eutectic [36, 37] , as presented in Fig. 8 and discussed in detail in the following sections.
Figure. 8. Different types of PCMs [38].
b. Organic phase change materials Even though organic PCMs cover a wide range, pure n-alkanes, fatty acids and esters are the most well-known for latent heat storage [39] . Organic PCMs have drawn attention because of their additional latent heat capacity, appropriate phase-transition temperature and stable physical and chemical characteristics. Pure organic PCMs demonstrate some short comings that limit their usage in practice, including low thermal conductivity (usually less than 0.2W/m2 K for organic PCMs [40] ), high volume variation and liquid see page during state changes [41] . Organic PCMs are classified as paraffin or non-paraffin. Organic PCMs usually do not display corrosive characteristics and have congruent melting. The melting point and heat of fusion of some organic PCMs suitable for building applications are presented in TABLE 2. Comparing to organic PCMs, inorganic PCM shave higher heat of fusion per unit mass with lower cost and flammability (usually). However, they do suffer from super cooling phase segregation, lack of thermal stability, corrosion and decomposition, which over shadows their advantages [45] . This category includes salt hydrates, salt solutions and metals [46] , however, salt hydrates are the most well-known variety and numerous studies have used them for thermal storage applications. Table 3 summarizes the latent heat and melting points of several inorganic PCMs. The attractiveness of salt hydrates for heat storage purposes in buildings is due to their considerable volumetric storage density (350 MJ/m 3 ), high thermal conductivity. d. Eutectics Eutectic PCMs consist of a combination of at least two other PCMs. During the freezing process they form a blend crystal [48] . This mixture can consist of inorganic with inorganic, organic with inorganic and organic with organic (Table 3 ) [47] . The separation of the components is very unlikely because they mostly change phase without segregation (due to freezing to an intimate crystal mixture) and during the melting process all components change to liquid simultaneously. Some of the common eutectic PCMs that can be employed for passive cooling in buildings are shown in Table 4 . PCMs can reduce the energy needs of cooling systems and indoor temperature fluctuations, however, for PCMs to be effectively implemented for passive cooling in the building envelope, several selection criteria must be considered .From a physical point of view, the melting point of the PCM should be in the range of 10 °C to30°C to provide thermal comfort for occupants. This temperature should be selected with respect to average day and night temperatures and other climatic conditions of the building site [49] .
Thermodynamically, the PCM should have high latent heat per volume unit, which is an important factor in building applications because it means that with lower volume, the PCM can absorb/ release higher amounts of energy leading to a lighter building envelope [50] . Moreover, it should also have a large specific heat capacity (Cp) .
Another significant thermodynamic factor is its heat transfer ability (conductivity).Higher conductivity results in faster thermal responses. Even though the thermodynamic properties are the main selection criteria for the use of a PCM, other important properties are related to its chemical aspects, including chemical stability, low volume expansion and low/no super-cooling during freezing; it is also important for PCMs to be non-toxic, non-corrosive, non-flammable and non-explosive [49] [50] .
Furthermore, a PCM is suitable for applications if it is stable after a number of repeated melting/freezing cycles, that is, if it has a proper cycling stability. This is also called long-term stability [51] . Low thermal conductivity is considered to be the main problem for most PCMs and can be a serious challenge for the application of PCMs as passive cooling systems. There are three main techniques to improve thermal conductivity:
CONCLUSIONS
This paper presents a literature review on building envelopes that contain inner air layers and phase change material. The operation modes of the air layer used in building envelopes are roughly classified into three types: the enclosed type, the naturally ventilated type and the mechanically ventilated type. The enclosed type acts as an extra insulation layer; the naturally ventilated air layer is often adopted in passive cooling systems and some of the space heating systems; and the mechanically ventilated type is applied in space heating systems or the ventilated façades in which the flow resistance is larger than the buoyance effect. PCM is a powerful alternative to conventional cooling systems. PCM, which employs the latent heat storage concept, can act as a smart material to control the indoor environment of a building. In this study, it was found that the organic type (particularly paraffin) drew the most attention from scholars owing to its appropriate characteristics, such as reasonable price, stability, and noncorrosively and high heat of fusion. However, paraffin suffers from low thermal conductivity. Even though other types of PCM, such as salt hydrates, demonstrated suitable properties, their application was found to be limited. For each type of PCM, a list of those that can be potentially utilized for passive cooling in buildings was presented in this study. In general, there are two techniques for PCM operation in buildings: active and passive. In the active technique, the PCM is charged by a conventional cooling system and discharged during the day time to cool the indoor environment. In its passive form, the temperature difference between night and day cause the charging and discharging processes.
